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;&fcfel::< 1 c m(7)l3P^Wo@gi 0 x If ^ t 3 'J ;^ - h^tL^o 

h :i'J;>f^ b^tL, 5 0 mlEHtc^9/::oTfcT^^6 mmcox#-7 b 
LT. 5 Om$EH^::^7toT^5r>S^^lmm«0^^ffic7)7;*°'7 ^^cft^1-:i>it^^^T- 
0mT-lmmftJt^#o^Swtf-A|(^:;^:^7 5 0 (i. 

^^^it^^^-ei^is. #ijBrH^^^^f^7 5 2=^«A:i.o ^(?)t^-i^^£ 

7 5 0 llSBrt^'SiiP 7 5 5 t^^iig=^ttJip-r^^St ^#x.TV^T 
, - A CO E#^^^ 1 m m 1 1 f 25 i t CO -e a J: 9 '5: V - ¥ - 55^ CO \t . 



(30) !S#2 000-509 150 

h-^^^WPr--fZ>fzm:-. 'im^--^^^-^ 1 5 4 (IM7A) ^^'^ffl ? tt, ^ 
K 



8 0 2 tmifhilX\^^X. 5 0 %(7)e-A;^-/iJ y ^ 8 0 4 <7) ^ > K'? 8 

0 2co±i::Wttf>tLTv^-&o ^/^°;^;^:^)^^'-^f- 6 0 2 i)^hi^M^iix. tf- 
AfjiA^e 0 6 ^MM-r^t, ^(7)7N°;v7,iie-A;^:/V ^ 8 0 4 n=®?!|-r;i> 

8 0 4 '^fflmtTffiRlt^^tf-AT'n-;'^ 8 0 6 t^tf?^1-^o e-A^^^Uy 
^ S 0 6 cDSIt^fi/h^iV^cO'e, tf-AT'n y 8 0 6 H^^ja7i£/-^JVX(7)/J/^ t 

<;^fi7°ijXA 8 0 4 J:oTfff < 'fei&cT)!:^, y Y'O 8 0 2 HlTS^1-i.3lc;c7)^ 



(31) »*2 00 0-5 0 9 i 5 0 

. 0 ti^ttPo 0;$^f><7)H'?:)fe^^°.'V7>(^^f|555'fi. ^-i" > K7 8 5 0 

7 5 %^SiUKT& J: ^ 

^-f > F'^ 8 0 2 (7)45^fPtr)^^MaL, $ < >- F7 8 0 2 c7)?|l0 

-^it^^'C^-So ^(T^^-^l::}*, mit^'^)\''A\t. RimitM9 0 6 $tLTV^ 
^ F-? 8 0 2 <D%l^KX'oX^it^i}''hmt'^^^£^^o 

(2 0%-S:&U=3 0%-P) o J: ^ 'iftttfllt^^v^TIi, if 



(32) S*2 00 0-5 0 9 i 5 0 

-7°6 1 0 t m^it<ry7s^^-J \ \m^^% 1 2 J: ^) < 

t^-ho ^tii^6 1 2-s(55AW/^°7-(±. xl/^ri-7°6 1 0 -a^i^Mfe2 0 

LT, :t;^Ml?E^fT-«1--£.o ^hr^. ^^2 0 >5^'f)(30M ^3 
7-!i, -r l/:^3-7°6 1 055^i^Mft2 0 f -Ct^UE^cDr^ i: LTM^^I"^ o 

m(75;§-7'>'3 >i;*3V^T{i. $5fe^5fe^.^l±> 2 ^T-(7)i[SBrt^!i#..iSC0:=.^ ^ 

1 2 (i. iGHzj; ^;^§^m^i^HjmM.'^?#oT/^^9 7v^7* h^'-^^t- - Cap 

ligMJ^fficolTIE ^tf ^ ?t *6 ffl 1^ o 
x^^:^ 5 0 4 (i^^Sco'bco'eiv^o x^^^ 5 0 4 

^Tl^T^a-T'e 1 0 l::JgfnI1-&o X-t -vf-B 0 4 7 ^ - Jl/ FCO c c 



(33) !S*2 00 0-5 0 9 i 5 0 

d^iJ^y^Q IK^ULX^ f3^<7yU <:':&< (nmrn^inWi^U^L 

M^v-ffiJifc (EGA) ^tf^S;^^ »<0Sffi)tSTOtIt:--Aft««^ffl 
^)T^&o ^c^i^S? 3^ J^*-5'^^^if|1-^i<^^I j:o 



(34) S*2 00 0-5 0 9 i 5 0 

- ^- - *° y v: y ^^i^m^ ^ :n.T ^ c7) v - - K-e t±i^ '^tf 9 ^ ^ 



(35) S*2 00 0-5 0 9 i 5 0 

^-ym^^^h^^o ^\\^\t. ms(±-^ifi] (of 19, miy^y}:-^. '^v-. 

. 7t li ^p;^ ^J'^l^ t:. 19 ^ B# -t? n T T^M. t ti. ff 4" P. 4' o 2 o (7) fig ^ J; 

J;oT#^tL«.o L5?)^L. ^mtw.^p<r>:k.Wi<r>^M'Ar^^^~A-'^£^^P^£^^^y^ 
^-^'^mt^iJ: :*#^fr(±. pCto)=pO, p'Cto)=o, p"(to) 

= 0, PCti) = Pi, p'(ti)=o:s_i7p"Cti)=o-^^$,V) , -^titi. 5:^fi0^ffl^T$)-2) 



(36) !S#2 00 0-5 0 9 i 5 0 

o o^^), p(t)=Cpi-R,)t"(6t'^ -15t' + 10) +Po^ tzfzL. t' = Ct-t^)/(tl 



yT.^-T.^-^y'D^^^Ji. mm'^^&U^h&(n-^\ ^<??.7fe«5|i(±*BT 

<7) iE?S ?^ tJ g.-^J^ W L T 13? & t fetter V y 7°;^^f1; tL T f ail ? tl 0 
V^^M^!ll::feV^T(±. f^^ftHPJ LTSS^i tiTV^-g, 2 0(7)*^6g^2p^\ 



(37) !S#2 00 0-5 0 9 i 5 0 



i; ^ 8 1 0 Ki.'DX^yy)i''^i^x. vyX^ 3 3 ^m^^x^-J^^yj^ n 

-^ffiS 3 H.K^M-fh^tKii'DX, 'yy^)V^- Y<7^ity7 4^^- 8 3 0 

^^^6 1 0 KX^^ t^') h^it^Xi t^aSt^tl^o ^^yr^r^ 



(38) ^MZ 000-509 150 



I^J?ig$tL^o -m<DyVvx. M3-1 o«?fe^tcf;|&$:n^, 

^^^6 1 0 1:1:^19 #tt<^tL/::ig5fett(7)m7-^tii§? 6 1 2 ±-^<7)H ^ 

. [^^:L^v^'^^tl^^J^^tex.;g>:^|;!&/^°J^;^ 3 8 3 0 t::|1l1-i>i(Jgi^f^ J: 19 a< 

^f^<9itl-ro ^(r>vy^y^ t~'>\t. %<r)m^ <r>rMti^'n:\m-x 
cos, & Q ;^ -f f-^D3^(7)-7H' n f- -7 ^ - - Hi o ? tLfc/N°;i-;^ <?)#P 



(39) 



!S#2 00 0-5 0 9 i 5 0 



tTt, «[ii^3 9 1 0 'ec7>«iii^c7)ai:^j(±, 

VRZf7,^-}V^^^miE-r^tzi^^K^^^hfl=hS^-^- 8 3 0 

- izi^-^^ fltzit<DM^&^^^ tKX-oX. ^lii-$fltz/-^)V7.(7:)X.^. jV^f- ii 

i^^T^ho ^(Dm&Azfwm^nfzmmmMi'Tyimi. ^m&^'tK'Z^^^j:uyp 

^VyiyKiotz-oXlmm<7^m^^^^-ti>^ht^-^^^c ^(Dmmt. 



(40) 



!S#2 00 0-5 0 9 i 5 0 



0 - 3 0 0 <7>^(7)fELHt^*-2.o 

^^y Kc^fl^li, w\<r>n^±^4 ^ )VKio\y^^^y\£y vmiktM-t^£^x-$) 
h^'A(D *° y t: y irmm^n\-r h^}iKX^x&.-rh:ihi)^x^ho rv^ 

o w^fe crc mtr^. )H3^^y ^^l%t^^^^-^ ^xt° y v: y 



(41) 



!S#2 00 0-5 0 9 i 5 0 



mmWli. E:^f6]<7)->i; TJi^^-^M h-^tttiJ; oTFD V^MUp-ra ^t)c;5T'$, ^3 , 

E P P/^°9 TJVjK- h-eS,-&o FD VrtcDT'n-tr'y^fi 

Tv>So lai 2 l±. FDV'/n-b^7^(7)'/n ^/^^[I|-e^:&o 
fS^g-f y 7 j^^y^ 



(42) S*2 00 0-5 0 9 i 5 0 

•ocDWl&r- 9 ^ ^ ^ t:^^t; ^ i> o 

Mfiti:^fer-i3v^T{±. 7.^^tzy^y yii. 2'o<DmumW±3<^-'^i^-3^-' 
o (7? g i) 3 n ^ - ^ ^s;^ ^- -V + 5 y - «0 Wffi t-^i.M ^ Sfe T *3 19 . tL 4) Jt^^ tL 

m^JJK. mWli^M(D^4 ^ y^^^M,. Stanford Research Systems s r 

6 2 ommmm7i'y-^^'~^m^^ri'!^hfifzo ^(d^M:^(d4 y^y^~7.ii 

^ I EEE 4 8 8-^ yd!'yj^-7.KX^ii<DX$>&o Si Ll/^*ilf!)tCi3V^T(i 
^ Stanford Research Systemsc?) S R 6 2 0 ?^mmM7 i^y ^ f~^<nM^^ > 
3^ 



(43) S*2 00 0-5 0 9 i 5 0 

y ^-xiii EEE4 8 s-e^-So 

^ lifflv^ ^ti^o $ # 1 0 nsec<7)|g.fi^(7):^ ^ >^ h ^ 1 0 0 0 (7)/h$^±f^5^ 
SPseccov^'-^Jf-Jo 2 OPsec R M S J: V) /> ? ^ft^Ktig 

it Hj;oT^c7)[ill^HM^tf'b-ii-l>o ^-i' ^ t^TI- 
-^^"#itL?^cra'ev'->^^t§];g> J: 9 l-fil^i]-rSo ^ii.v^i^. ykmrnit^ 



(44) S*2 00 0-5 0 9 i 5 0 

=^fflv^& i t -e^-So jKfiVy X^m^^ 1 -^(7)0 C D y (±, oTtb 
»2(7)^pf9(±, 9>'>'-/N'tfPl$flt J; ^ tC@B®?tl-&o 

^ V- > X li, vy X<7) Wffi m^^tifz C C D t:: J; o T«iE ? tifc if ftt^ 7 ^ 

^ - «^ ^ C ? -li: ^ o - - -eSlllticcO 'f) ;^)SiSi ft ft \XUMX^ (± ^ v> 

^^ibm-r^it {ij:oT^»)^< it^o^^t^i-So n^^fzm^h%m%^fzm 

EH 

v^Tv^:i>o ^tL{±j:hi£&g,i;iiT\ ^EtBiaft^f'^^o itb(7) 

m^^m mL\f. ,1^] 5 ° ) 'J^mi'^iJ ^y\t. ^ ^i^^t&SV- - -^^^ t:^- A h 
,7)Voxelf5^^^tf^-i;!5:& J: ^ l'lW65i*^&o ^fiO^^vti, V--Tf-:^M'^t!j 
t T 2, K (i-d^gj-r i t i 2, o tL«=b ti-& t . /h ? 'Sr - v°<T^ VI 



(45) !S*2 00 0-5 0 9 i 5 0 

3>t;^-^^^~^7^^':^ Eli (CGP) v^h^xy 

m 1 5 i;. CGP40(±CGP3>l;^-^'1 500 "eil^Sl L F D 

V 1 0 i:M^-tf9 V7 b '>j:-7gS-e$)So C OF 4 0 (i 9 -7 T' h T'^S.iJy 
-^7,-r->-3 y^frh^ <(Dm^£^U^<^^y^^~ ^-^'iWtix, CGP 4 
0 fi.* 7'f ^ -fJi/tT) J; ^ ^Si^i'^^^SM 1 5 1 0 t . 

yV^m 5 3 0 i:^#''-^=r>l;^^^' 1 5 0 0 -C{1iiil1--I) o ^ 
(7)7 7 h v/JiTli. ^*^E±c^'>^ :^ K^l-«?t^?t 3 Dr^^^^i^^t^ 

va^^-^tfCGP 4 O^-f-'-^ >'^^7j^--;^(30-f|5{±3 :/7U-r-J: 
C GP 4 0 (±*l^^ SDr-^'m^RV'y ^ Frtcr)^TMh^*^Tl-;i)o 

CGP 4 0 ^±/^^ ^^J^c75FDV 1 o<7)flJ^^ip^M^6<J^::-^^-e^3l9^ -g-tifi, g 

(7)M«0 7t (Cffvpg^j ;^ T-"- '^J^ 7 - V h <7) r - ^ =^ ft&cO C A D ^ 

^■^tl2.o FDVl Oc?:)ffflJilp. .^r*lft. "d-^L ^i^^^tim^. M.imM'T) 

EM 0=^1 r»1 -e * 2) o 

m 1 6 t . iiieooft#(±. ^^'^ < 1 4) 7 ^ :7 > 

rt-esltTT&^fcT^j^-eiSo -:^<7)(7)^-^ >^ k-? 1 6 1 oti^ fd v 1 0 t^ii^ 



(46) S*2 000-509 150 

t^^T^^^o ^IbK. CGP4 Oti. S\i(D^'^y K'^^J^ffiLTFDV 1 0 <7)/^ 
FD V 1 0^^m^(7?afe;S,ga<jtl2 0(7)^|nI^fBl<o 

?^ ^? iJ/^ ^ J: o T iE?t I' ^ 7" jv^t: § * ^5 -e^ -2) o L tI: o r 

(Dhmr^X':>XiEit'^^^m.^m^-f^^ti)^'C^:h^ CGP40I4. FDV 
CGP4 0 (±^t::fIJie:S.t/^^J»1tJtcO'lt$^^FD V 1 0 i0 7tiS)H-ffico3 v 



(47) !^#2 00 0-5 0 9 i 5 0 

=ho ff 7t 4^^iS«^#5£1--?> 7t K r~ ^7 ^ > F a i: . If a. - 

h^.^'Mm<^y-y\Hi^i$W)'ri>^tKX'DXi^M^i-=h^tii^x^&o ^- 
mm^^'oxm'L-<D^:hi^^s^&-r=h:itKx^xmmco^^mm^m<fzi^v^ 
mk^^ni^-r^i&m^^&^^-i^-t xmwj-r ^^itizx-D xmw ^^y^^T.^^^ 



(48) ft#2 000-509 150 

X- ^'^^"H^7C(7),#, 1 7 3 0 COM? tL^c^^'iJ y Kl^li^SfS J: ^ t::*^T$ tt 
Elt V - - / N° J^ <^ 5^ ff, t 'Sr o 

1 6 2 0 rtt^g^? tL-l>o C G P 4 0 KX^X^-^^-iir-^'(D3 D^:i.-^ 

/VV^'T^^km^h^MKX&ii.W.'^^^'k'ifo ^ti}^X-^^o ^Mf^l 8 1 0 
^Sl 8 r-^LTi3)9, -?-n.(±, Jic^MfiO^® =1:^1-0 H 1 8 I'^l" =t 9 I' , 

ho CGP4 QV^\(Dr-9mmt. 7fe;47^ -jvKcoi;^ h=^^^WtT*3i9, ^ 



(49) S*2 00 0-5 0 9 i 5 0 

S2 1 i:. mS^M*c^^ffi:a^'=><^^M2 0 1 0 (±. 1 X(± 2 ^ 

rAintz^\'-'l^'^y-)i^^xmmx%m^^^-f^hi:i^x%. ^<D^\i 
mMM<r)nY^v~y'Ty\L:^-i)^'^h7^:L}it^%7^o ^-"^-M. ff^c^.^?.(7)a>^ 

X^^y ^ ~)V]?(DloYU^Mlo 112 2 1-ioV^T, ,^f(7) 3 o(7)if/c'2:^^~J^- 
7=2 2 1 0. 2 2 2 0:&iJ2 2 3 ^-.^xmM-fi>^^^T)^'M\\<7y1^^.^ 



(50) ^MZ 000-509 150 

--^coMf LV^*J|f!)t;i5V^Tf±. C G P 4 0 i^fzM^<Dm^i(nU 
i)^T^i>o ^<r)m^^mumii. H^Bco^ yv^^. Ht. Rm# 

18 10 (ilII2 3 ^ tc:?S^^t^:i> J: ^ (c^ ^>'>'a.^Jt2 3 1 0 Kt^^tt^^ 

-e § . /^M :/ Jk^.S t-i (±-i ^M'^ ^^hZt § t t:)^^)^ ^ a t\ 



(51) »*2 00 0-5 0 9 i 5 0 

,ej(7)^-jv^7°2 2 1 0 . 2 2 2 OS. (^^2 2 3 0 (i. X^-^^ &v^f m^^<D7 ■{ y 
-f-f >^^T;Vn-^'JXi. ^fflV^T. ^tl.^"tL|Il2 4 H^1-¥ffi2 4 1 0 , 2 4 2 0 

^\t^^<D%^^^Mt-f^fz^\rM'^^Xi^^. -?-<^m^<3D»(±, ^^^^^ 

2 6 10 \:.^Wk-f^o -^coRii^^tf, 7'f y ^ ? 1---^T(7)Mai±, -f (7)j*t 
2 6 1 0X(±7n<7).^;2 5 i 0 X(i^tii?)(7)l.:^i: ^^^^fz>^Y^mrKf'i>^}iifi 
Mm^m2 7 10^, IE12 8i;^1-*^)S^t7tM2 8 1 0 K^^t & ^1 1 i)^X- 

<h ? ^ h Jl/ C 2 o^TDlrfelL L 9 ^ - ^ y=R t tt^^fl^ffl 9 ^ > 



n ffi y - ^ ^ ffiTliJ -r & J6 2 o (7)|)f f± . - o (7) ^ te^j fi^ A 
«7),^rS Tc??'^^ hjvt ty()^'T^§^o #^11'^^ h ;vSrfflv^-rj^:=. 

m^'^)!t)^^ti)'-c^^o ^(DM'M^j:^m<Dmmt. nnmti^^mn-c^:^ 

F(p)=0 =Cl Pi ' +C2 P. ' +C3 ft' +c, ft +Ci Pi p^+Cg ft Pj 

+c,|^+c,ft+c,ft+q„ (1) 

^c/iL. p= Ip, p, pi fi-:??cfflM±(7).i??;-e^^o 

9 C7) 7>» 9 ^ ^ ^ ^S-^^-f- 7t s?) H1-^T c7) r - ^ ^ ffl Tft^i^r ^feS-^^ * 
tT t i> r t ^ ^ o )lf Se cDft CO .ifjc t T*^ (7) Ji^r:^ ffl ® ^ t I* {± 
. -7 7°(i:, jt!l c?? ,tfj CO ifi < t^*)^#lf ;t'5r^W (pO ±(0.^J '^•^^f^liMo 

tt&^tH^)-S.o ^tL(4. (pc) coM^L^^^-^^lt, ^l^. v.-^^-Lhtz 

Np = DiPs+D2 (2) 



(53) 



!S#2 00 0-5 0 9 i 5 0 

























c, 















V. = uiCOSa + u.sin^ , 0 ^ a ^ 2 k (3) 
V, • (NpXDi V. ) (4) 




(5) 



= Np/ii Np II (DX^Ktm-r^^t^^x-^^o <^<r)M'L-imn<^m^r^^^t 

& i t t^X ^ & o 



(four-parameter minimization) ^i^'DX'%^r}l^ tM^Lti^-^ > > ttT)^ 

hiE L 7t -tr ^ > X - V 3 >StT (± fr^ L 3t «(7)|a^fc^^: Hfio^ < :tffl '^ffi-^ 
(7)¥ffi<7)^^:3i'j (iti(iiS:^T-*oT'{)'&<T4)cl; D) /?)^ ib ^ -l) ^ :^ ^ (PS) 

i^^¥ffl7^ ^'x-f >^^rj^=fUXA:^^gor^tif^cr)¥ffi^^#i5^'jv-7°rt^ 

X ^ -r > *V > M:: 7 ^ > -e 1= 2)o mi^-T-S o i: -M?^ ig)-t: ii'*^ > -7 - 

3 > r 'J .X A t i;) , >fo L ^> ^2 - - 1 y'v h 3 m(D^n^'' h 



(55) S*2 00 0-5 0 9 i 5 0 

L T. :j-i'~7 4 yyy- JKi^W 3010. 3020. 3030=£- 

^TJ;^ t::. ^3040. 4050. 306 0 ^¥ffiMc0^^f|3t^«AT-& i t 

19. ttz:i-i^-C0i-S.W.^U-rm}^.3 0 7 0 ^mX-ri>^tKX ^}. J--^f 

-^'-'d^yi^'^.ir V<D^^^}~ (f<^^^) ^^L. ^^m. jSiCF 
:SM(?5J:.y-^|^^;&it;^,^^-e|:So FDV 1 00Of|)K«tttf. CGP*):S)V^ 
(i^-^f-(±, 74 y bollux 9 -3i)>'&Dj^c#^S5i~^=^r^S1-;i)ii:^^'e§;6o 

r/:?^-{i^tLf.<7)g(7)1f$|^fiJfflLT^?--f-1-'^§f^^^M (solution space) 



(56) ^MZ 000-509 150 

\t'^i£-h^^v-^y Byii^'^'^-^^-h^ ^T^]yf\i. \^^<<^i}--<r)y ^ '7 ym^ 

mKmm) *5 j; u ? > ^^co j; v.? # < so w c a d 4- ^ 

v-^y^y3yi)^c G p 4 o -efOfflx-^ :i>o tct^ii. ms i «op3t 3 i i o (ila 

i^)^ffi3 1 2 0 f -e^y^Ti/^'^V^o 12132-e. P31i 3220 3 1 2 OtX- 

tm^fixv^&o ^iihm^^j:t^v--^y B yizx^ . ^^"^my ^ y T A y 
Kx^x^^^r^^^yv^^ yi^-h^^Lx^r)vm3%-'t^&\^'^^ir^^ 

^^W.^^^r_t \tm^X^ S o 



(57) S*2 00 0-5 0 9 i 5 0 

^blU T& o T»^* 7^^ V i ^ h M^^Bl ic J: o xmg ? te pi^ffi t 
afe?>o ) 

^ ^ - o (T^^'Ji; (i; , .t y i^' .^^ h /^ > r .'V '^^ffl t^^hX^^o ^ v ^ 

^^^?1^4;^^c^g*^^M1-^^t^^'T'S■g.o C^Jx.(i\ ^M^^'? ^^'?•±(7)/^;- 
> (0^fflcov^;bi-^;6(7)gF.^^|g^LTC G P 4 0 r'va- h 



(58) 000-509 150 

TJil^*)^ (underlying) 7"^- y h "T'^T liffTt i^ll^fSJ^^t) 7 ^ y h 

1 {) y h<7yx ^m'^ty'v'j^^ y^m^^^hnfct^-( y yco^m ( 

cloud) 3 3 2 0 ^I|£*1-2>ii:^^-e§. ^tif?^ll3 4 c?) t: ^7 ^ y K 3 4 i 0 
oo¥W$ffl<7)j; ^ ^£-m<Dm^^&^^y'y^i' h 3 4 2 0 v^m^-r^:Lti)^--c 
§«)o [13 4 K^-r'er}vihLtz'y-yii^^^yLtzjt(Dt7'P:^^^ 
^ iEm ^ t . T'^ jv-f kl- ^ - > 1*1 a K -etf ^ ?l £ ^ or 

^X^^yt°4y V(D^m^mii, FDV 1 0(7)JI;S^^(?5MjSi: t^(7)M 
t?)^. FDV 1 0 ^^#ij$-<^-2>^- t'Sr <i|5if)tLfc.x^-Y K(i {-t^r 



(59) S*2 00 0-5 0 9 i 5 0 

- ^ i t ^« V X ^ 1i CO If a. - T'ffi ffl -r & 1- CO -2^ S 

V- 7, -r A ^ ^ s?) ft <7) r ^ ^ ^ »-r ^ CO <t T o 
:tlOoo;^r^'7'(±. »-|S(;3T"-^-b^y M::ffl#«$:tf x, y, z Mti 

:^ -f y'r-miLLtz y^ ycDM^K. nif<Dr- ^ ^ :v h ^ > h 1 . 2 . 
3 -ems $ ii&^mi}m^£ i> t -c^^ r~9^yV^m^^^z>::.t -e^ „ 

^^oT#*°^ > h^racoi?E^co¥:^(7)ffi^/h? <1-;&^t5i)>'T'§i,o 



(60) ^MZ 000-509 150 

tLTl omKm&^ii&i}K 'bot/h^^ft^, ^:&v^{iAXKi'&:^M > fjit 



(61) ^MZ 000-509 150 

ATO L J; ^iK^^£i^m--n.m^^tzy4 y<Dti-f^XKnLX. 41ll(7)#/rt 
:^y }-<D^^^-^^^i)K r,':j<Dy^y<DM^mk<D^W^^'t^ttho ffbv^y 

r,<^<7)z/-y<r>Smk. |WI — C7)tl516^*7'vj^:^ h ^^1-r-oc7)^^(7)lf jx- 
r-^'^y y<o'j- 1; ^ 

fi ^c^Ugr - 5^ -oi-^ T. #.X ^ ^ y m4 y 1- u ^ ~ zy B y K Ml" & ^ 



<>NCJ: 9 '^i9-=^fe:i1-o ^J^«\ L ^) r - 3^ ffiStc^^lc 9 OJt^ 
^tr'::'(=0¥W;5^t>**?)^,ti;S>i:. ^tlt>«OT^ ^^^i^M? *l?>:t^)^ < 7 ^ 

f, ii:^ ^ L ;t <^ -e * o T ^) . * V M i V ^ 6 V ^ 6 <D ^ 4^ S ^ fb :^ ^ ^' > L ;t: 

ffiM 5/ X X A o T < O ^'^(73^ 4- & ia«7)7. ^- -V X - ^ ^^'^S ? tL-g, t . 

llyft ? ti. tfz. m(T)7.^^y ^14 ti tz v> < o 75^(7) Em pTt^4 r - ^ *°-f y \ 
Cii^Pi (surveying closure) cotSfflM-eti. -3i<7)n^-^/ a > ^ii4L 

. mhr3'y~i^Byizm'or<i,(Dr-^&:bK W^m^m^m^^'^^tii^i^m^ 

u^~l/ a y^XtfM'^^'r-'y a y tm^'l^m - a > IT'S: V^^l^^H 

0^^2,0 m\^^^J^y~imt^^'r~zyB y tMr^^ ~ b y t com<D^m-<: 
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-^^-fe^y Mi|S$i:Jt-g);£IEia'^M^M^# (displacement constraints) 

>^ (T^fflft) i:D?{iti:&o ^'mm^kmrnmrnYm^^^ y y (contml poin 
ts) 13 J: ^ > f (tie points) ^f^^ T#S1-'2> i t ^^T- § ^ 

^y^y^^^y}-^. tfi-B^<D^^Ay}''^^'m.-f^^t\L^\)^-mmv&rQ: 

ixwmr&xo\^^\^ifhii&o r^x<Dm-^K. M^ri^-^yayimi^ij 
^(nm^xo-d^io^^^^ ji^^-MA'-^t^'^ -txx^m^K^o ~oco*°'i' y v 
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m^M^^ii&o u~^yifm-^mm$fitz-^iii±.(DmMi^MLr. 
$\L^.^a'r-VBy^mjo-Lfzt-r=ht.m^ii^<Di^m<Dmm^WM-r^^t 

WM^mmr&o i^m^mmfz^fi&<7^^^^ht\ ^m^'T-'yBys.y~<D 
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So 

i^fi * ft ^ -5> i -eS) -S. o - <7)^|5^'e$fe^ ( i 7 ^ t: > 7° o -fe X i^mtz ? ^ 

y<D\^^<'oi)m%(Dr-^'t-7 y^-^T.^^y'^^.fz^^ y >-e(±3& < T'ftfi 
- & 3 ¥® ^ ^-r-Jlc^ *m >' h --^ ;t i: i- <l . ^ tt *v > h 

^"b7 h^::^a6-&^i:7Si^'-e§. ^-i,\^^\m^£i>T~ Y^K^^-f ^tii^X- 
^Lftm^-^^^&c tti. n^ii\^><'oi)^<7)t°-{ y hay^m<7)u^~zyay^i^ 
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^hc^firsa^a (convex hull) L, -r-<T<D'r- jJ^M 

^IzgT;^ -y/Ji. ^r^-^^lt^-p? ■yv-o.^h (meshing) "T-?) i t "C^ ^ 

>^ a fh (i t o < ^ H ^ ^ . 55^^011: L 4^ , ^ % ^cfr ?i fc 

cosJ^--^-^ \tn-^XV-^y^'fxi^7.\z^t^:k>'l^^\m^^^ «^#coJgfe 
o M^lf:gv^«|^t# (Sliver element) ^ <Ty%^^ 7L\zMm^%mm^X- 

i \m^mn.<J^U<J^-^^^ >^ h 3 D - ^ ^ A-fh-ffi (3-D Delaunay 
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tri angulation) ^M^LXmm^Hi^c ^ wM^'n -b;^ (i, StmHSlJJt 
(element quality mesure) Tm:^'^J^)K<7)^^^|pJg L. ^L^^t^^ > 

^ 5 cox r T -/ 1 LT i tL^»*:M^# 

Cu = q (6) 

Pi+Ui=R,+U2 (7) 

ui- U2 = p.- pi (8) 

*2)o "i^ J:y=^U2{±|WICTl.>Sfi0 7-t°>i^4'(7)S^i-C*^o (7) f±, ^ 

v^?.o (8) ttq=p2H3itsv^fc^^i^ (6) <^B'e*i9. y-™^^<7) 

X. y. z^^T-^tTt 3^(7)MBm^^fr^^X.-&o (8) ^^^^^ ( 
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1 0 


0 


-1 


0 0 
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0 1 


0 


0 


-1 0 
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0 0 


1 


0 


0 -1 




"21 




0 


























«2. 





V2i= (P2 + U:) - (pi + Ui) (10) 
IIV2l||=X (11) 

V21 • V2i= (12) 

^fM^ (1 1 ) i3 J; (1 2 ) {i y - K<o«u, is J: -^-^x^fzh^. 
fm%<0^^^^ B^Mc0^7-b^y ht::#Lv^tm< : 

il; — n ^^^^ 

V,, .n,, = x (14) 
Xl± [CP2+U2)-CPi+uJ] .nji=x (15) 
u, . n,i-Ui . n,i = x- II P2-P1 II (16) 

:^fi5^ (16) y \'n(D%3.<r)WMi)''h^^4 y yn<DW^(r) 

1 6) \tW-(^%mm^h \.X\iky<r>W^iim^%-t^hii'^%-i> : 
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7.7-^7' 6 -e*l^6ti ^ Wimi^m^^ ibm^iLXhi^^^. :iff}7 7- 7 7° \z. fi - o 
cO^W^^o ^<D^-\t^ ^EfflfrS^I-MtTg^cO^lM (Stiffness) ^ 

fMj^ (6) <^f^^<7)Mm^n^m^ ■Mmmmmiommi^i>o 

9 ^ ^ y > * ^fe ^ « o T . $t ^ {± ^ ^ V- :^ CD # H ^ L T ft 

K u = r (18) 

^fMit (18) T\ K(i:v7,r A<7)p|l]Js:tT*ljT*^ , jS-^ t^lJJt(7)^i§-;5^ 

^tffi^v^o L;t:«i>'oT r «-ifn(7)<;?*;^-^tj'^i^ ^ jv-cafe;i)o ^fi^ (is) (iv^ 

?> C7)^;[j^ ^ ^^ -e 'fe 9 y > V 5^^^ ^ € o T -I- *L ^ 



:^fi5^ (19) -e. K, c, u. r, 13 j;c/q fiifn'^ftLTta-e^So ul 




(19) 
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(19) tti^'Srofc'bc^t^S-ei^^o LjS^LM^ 
;^-r^:^7°7T\ ^fist (10) tmt-^ti. ui3j;O^UL^^"#P,^^o ^S^lt 
1^:^^ (profile storage scheme) (r>i^1^.v (symnetric solver) 

:^(^*Jfe^J-e{±E^gVJV^^^- (direct solver) MMMVJV 
(iterative sparse solver) ^) |WI#HM1-2> i tTl^^tr^ Mi'^ (1 

^ tB± * }± l^f r^^?? > b ^ 1 * Ji.-^ It ti. (f 'S: o 



(71) 
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^ik'm-r&o :^mmmXii^(D^mtLXW.f^^£mmmmmm (fimteelem 
ent shape functions) ^«ffltT^l9^ *ra^l»^^^*3V^TWiit^ffl V> ^> tL 

iilT 1 3£l^^ W'^ i iJ-fe y r - V g > 7° n ;^ (iit i& LYc >t r 'J 
>^^7°n-bxi'®^L7tjS^;J-'^V->-3 v-'lr-^to -^h^'^y (cloud of 
points) i)^^^:^ y h^b^ tL, ^^^fi^jT'V 5 r -f 7^^7*va.^' > h 

7 -f h ? fi,. :?^v>-crai3 J: WA<7) J: 9 x U > y^-^ l/- a > 
- Iff jl 4^7° n-tr 7.11*3 v^T. ■:/^•b7^^#H^■t1- 
itLf,(7)#7x:y7'/?)^'gil<h?tt^o 
Wil ffl x' V - > tr V g ^ Str (machi ne vi sion techni que) 17) 

y'KUW}^r-^%\i (partition) -fi, :iti)^^X:^-i>o f')v Y\\.\.fz7s^ 

^yy^-)v ri)^ 2 ^^Tut^^ y h mm(omx^m ^^i>o ^ <Dmm im^^^) tf y 

h-^-y^K^^ <7),6rT'Sfl LT 7 ^ ^ ;^ 7 ^ - ;v Kt^ (*#^«. :^ 7^'If 
Jil± r:i'r~^yayKmm^fiX^^^,^X.7.^^yy^-)VV ii ^ 

o t . 3i1t (i^CO'ft&l-l ^3 .?! - V7 ^ -Y > :t V- ^/ 3 > tC. 7 -f V > 
^ it Crating)^ ^MffiM (thresholding) ^XZfmmt (thinning) ^j; 
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h %n<Dmi^^m'&rh :i <t -c* ^mit^ < <d\^^ h\^h co^t^ txit 



h o m^^iiif -< / -y li^mi^ (iffilt<7) X . y . is J: z M*fi ^: (/) 3 y 5^ 'J a. 
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t°4 y MK^tf/n-fey!,cr):g^^(7)X'r mm^Htitjy ^i^- ^-y hT)P 
y7 >'>^rc7)m*ifef!m^7'v^^:^ yy^ yT^y^^^M^coT^mxiT^ ^ 

^y }• V}V~yKy 4 y V-r^^:i^^^i)^i9:^-r^o ^lH h <^ 7 7° u ~ liX9V(r) 
^ Mmmnm (progresslbe cormitment) <o J; ^ ;&1iiE Lfc^ffi ^ J Tt^fflf ^ 
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ttr;v3''jXA>5^f,#f,*iS»jf$Rt ^ffioT, ^T'v^^' h^?i?iL. 
T^jI =^ JMI- ^ i ;«)^'T' ^ :g> o 

- - (± ^ ^ll^^eu -r ;k3d ti5ij/s° - =^ ^"J ^7 ^' 1- 2, i t tiJ: 19 #o 

FT-;^ ^ ^ >^ $ ^ 7'v ^"7 y\z. ^ 7t^«]1t^^^^^^ ffl 4" r -'Hf f^t:: 
%^T)V\t^ ^xJVf1^.)3g^^fet>ti./cx- > F^7 1 6 1 OSr^LTtffc 
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<o^^(7)^-l2^^j7-;V^Mt^it55'-ea:-i)o ^^S^.IM (contour) (Ty%^, 
2 D Irffi^b Csection cutting)^ ift^filBA (dimensioning) (7) J: ^ ;t ^ V 

^ (^feM f> tL^s * T^jv (± ^ r-i® Sis J: t;^^iSft=^^f ^ ;t sb<^#ic(^ c a d 7° 

o ^fii'i^SitefO-Cfi. CGP4 0 75^v^<c>^^(7)ilTM<DCAD7°n^^9Ai:i:^tt 
«^S7d— hc7)C AD7 T^;V^^fiScLx '^M.\^%^^-tfzy'-^ -y T A TV 
^^coC AD'/n^^9i=Nl::n- K^-fr, C A D '/n ^''9 =^j|HijiT-& ^ <!:5^?>'-eai 

So 

tLTV^-& C G P>tl:#(^SI^ 
Cyraxy 7 > ^ 7 (7)>tf:|i 
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-y ^ y 

y-)^7^^, i^i.XfV-y^a.-r (scene viewer) co^^ 

--<y 

[j.-^-^i y y ju- 7~.^i>' )Vj ty'V:i^i^ }-f-^^<~7'.(r)T4 

7.-fV4^^M-f^ \'^T)V^^~^-J )V\ (model viewing module) 
I'M^-r&o i<50 rJ^-^f-'<>'^^7 j-.-J^^v.-T.-JVj {±. ^/-y^^^^ (sc 
ene graphs) ay^y^^ mi (picking) mxf^m^'irhrj:^^^ icO^t^ti 

i W ^- V :x - \±tfz. \M W^W. ^ y (Fi ni te State Machi ne) j ^- v :x - 

■f^ J V If J. - ^ V J. - ;v 

'^m^^'S.^LXv^^^ i^t/ut-'T)^i^Q^m^ii-^ y^<y}'- (Inventor^ 

> > - --^(^rc^'E^ p^f it Lx^^^o 

^mr~9^-X (spatial database) Ti^3iIlC:t 7 v ^ h ^Ml^l" 

S {\£T;^yif) WM'kM^jr^fcib. V~yn(^^f'y:^'^y<r)\iy^y^\t 
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-mm^m^yy^^ h T()-^ib(DWM.&^^ y'y ^ hy - F (visual object nod 

e) mm 

^Mffi^tTV^. tm^t^^^^^- (mm) ^^^i>o y^<y9-^^-vizx 
^•~4y^y^.~7.^v.'r.~)v] CD -113 ^^-^§5^) ^v-yMMja^i^^^^ 

^ Fl^jcl -7 V- - > ^ y .X - }i 

r^PI^iilvv-- > (Finite state iviachine^ FSM)j 



[^f>Rii:3r^'y~y^V'^-)ij liBL^^o ti^^cofi. ^--^--^ y 9 y 

m 

^ y^%M-r^fc>ibK^m^mmmM (spatlal hierarchy) 
TO#>fb (instancing) ffii^^bffl^l--^ § T-$,So 
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Xl3/^ij (I/O) ^v^-il-- 
I / 0 -7 ^ - ;v . m^^^^T- ^-<-7<7)yy ^4 J^^m^^h m^MfM 

M^&a ^ 7^ V ^ b -=6 y ^ - 



^>fqj^&«):/tj 5 -7^ 7* (prinritives^ =^^^1-So i(7)^y^a.-ji/ 
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^ ^cs^(7) 3 >.x h 7 .^^ (constructor) ^ y y^y-jj,^ y K^j}\i-r^iXh 
y^y;;^ h 7i^ ^'coD^ffi L=^fT^ o -^t(±. @£#<307°U ? x 7^;^ j-. h =^ 

-7 h (facet)^ jj^^- > }- (point)^ x ^7 v Cedge)^ y y dine)^ ^ j; 

O^^v-'J^r- (cylinder) m^Wo 

(bounding box) (D X ^ ^'J XDm^^mM^t 
(geometry) noViT«D^' U ^ Cquery^ rt3-^-^^:)o 
y J. - JV (Dependency Modul e) 



r y r )V (Undo Module^ ^V-V b y <Ty^^-^jt\LWf 

~)V) i±, ^m'f-mT~9^<-7.^\t^fzci-~^~a^yy^4i^mM^'^'^-fh 
^ T^K^^vi^JKi, ^~f—hm^'j\^fz^^V-iyBy^msUV^itV^m. 

■f<r^\r-'^W:-^%^i>-'M.(r>r^=y^y■^%^mct'ho '7-jv^v--T.-;vf*i(^#r > K 

7 > K ■> ^- V :x - ;v (i:^cD^tg : 

7 > F nrt^ 7 - JV/^^'7 > F ■i' * v a. - ;v-\(7)iity jfe L L ^ 



- ;V -y- — V ^ V .X - Jl/ 

^^£2>^^^'a.^1-'&o ^(r>y~}V^Va.-)V\t. ^y7s^2^\z^m.\k^htz^ 
fr L - ;k ^ Ml- & - 1 1 o 



r 7 - ^ 7 h V ^ - JPJ . JliMnr >5r 7 - ;v t 7' v h (7)1^^^ o 
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X 7 - V J. - 

^' - ^' 7 - 7. ^ V ^ - ;p J ^ CO lif t * ^ t T ) ^ - ¥ - 1 c M 1" -!> J- 9 ^ CO 
Krt^(7)±5l (assertions) ooigjjti, ±fe±M:^^^^g?5 $ tt;t i: ^ <7) j:- 

(coding paradign) KM ht^<7)^^mm^i^^'j&M-t=^ Lh 

X t7 - ^ V ^ - ;vtt v;^ T A c7)^^ V ^ - JV i: LJ^tt titf ^ C?'^ v^cotn 
y a 7 7 ^ - ?rt b T 'C ^ It ''.t ft/i-- Kco $E H 'C^^ 1" J; ^ I:: 
^ tL ^^tf b 3^ ^ ^ o 

- > F*]coPJ^H U > 1-a i t II J: 19 . ^CMiiS'l^^^Hai- -2>o 
ji/ T'lf $&(3D 1 5 Kb is J: U-'^t - f- o 
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tia657^-'VK (physical world) ^^^(Dr-^llil 
F ^ T /5 ^ V X T r - =^ 1- i6 (7? T - ^ ft ft ^ ^ - K >^ T ^ 1/ ^ L ^ S 

^ 7 *3 J: 0=^7; ^ ^ :^ - t coM 
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fSar - 5^ M (Abstract data types) ^ v a. - ;V (± T 7° U ^ - v 3 > 
T-^^a;^^t>^-ilT^i-&o Mc7)^4^r-^M (general purpose abstract dat 
a types) ^^i6tziiC0^^^i-^c 

-X 9 y ^ 

-^ a.- (Queues) 

-/N y V J. ^ (Hash table) 
-ti-T' (Heap) 

mMr- M V ^ - ;Kiffe(7) t ^ t'(7) ^ v ^ - ;v-cffi J; ^ o 

1 . mM^mM\i^J}i^lit'4 yym (cloud of points) t Lxmy^-it^ ; ^ 
(?)m-e^':;^^ (ffl@) ttT, y-^T'y 'J-t^c{i*3'n^'',5'^f,3l;-t;t:P 

2. ^«0^#^S^SJ|t(ife. x^-Xf-^ (a^V^) ^ItoT. 



3. ^■^\y;^yyK^i--Dlik±.(D^m (representation) ^t^^j^a,^^ 
^^^^<7^]y^}V<Dm^1t$,^\^^itmmtL±^^^m'/U^i/Cp r 0 X 1 e s) 

tf^ fci^cDv-V^^'J y^'^^ (symbolic representation) ^|^&5IE#^fflv^ 

=y7.'rh\ cDWcOlln^^Jl/CD^^yi: LT, :^c^ J: ^ 4^ 4) ^^^^ % 9 o 

* xK^^^— ^— X — * ^v— 7 ;v 3 - o 
5. -r^-;^ h^-f > F'^>5^ib#x^;>{ y }■ \z^'^<r,T- ^- 7. Mfll6S-iil)Dl--& i t 

^?)VMi*">'7'coM. Mitt, ;^ ;^r^:^;<.^^v:L-;v?:£i:'(7)1f$& 

"7 

Mte-lS: (near-coincidences) ii'^i^%^'^%7^t~^i^\^fini\^i)\ 
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o ^co-ocD;j-'/v 3 >{i ri;v^:/7>-Cthick-brush)j ^-^yr^J^X-, ^(Dm 
(data management facilities) ^|g;it^ i: i: 'tti. ^ tjCO^-^l:: y 

-<)V^jiifX7-t^ y'^\:-r^fzib(D7 7^ Mt^^^^^^o 
^r^) y^y-ji' 

h (/h*^) (^SK^nrt^l- L. ^ftfl^ J; M (manual segme 
ntation) ^ pT l-i 1" o ^ y Lfz^-^ y V K y zy ^^i^X iisb^ (f"it) 
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y^ yh-^^^&o ^-^^^^^y h (survey points^ m^)^.) ^it^l-^^t 

5()^"ei2> : ^tLf,(7)sK'f y ymK9^ y^m < ^tij^x-^^ ; ^^rm^^^^^ 

li ^ y^ya. 'DmWx^m (break-line) ^ t T^i^'-C ^ 5. o 

5. \m.W^:^v ^y y\ ioi^-'^.v-eti. -ftW^-M^ i:: LT \x-V:^yy\ 

^^(ia@Eft|E^^fflu^/c^fiI'7^a5yn^^>' (symbolic geometrical proxy) 

7. V^^V>^(7)i--/v^^ Vcov^^v^^oo^^^, >^^^^^ilLTS^L, I^M 

fl^ i^ - y'it-f'^ h i^^-^^ § ^ o 

: 

• If a. -^ri:c7)^'6^CPairwise view alignment)^ rtL{i, f^gj ^^Ijffl 

it 

(zippering) i t H J: 19 0 ^ o 

• ^U-/%)Vmz'^^ (global closure) n^.'^o ^MmKm.'&LtzWMn 
o^^m^mZ^^^^y- (closure error) ^/^g'^v^H ^-S ^ t H i 19 
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B^Hc^V^coEE/^tf t::iKii^7t:^-r ^^9r^J>. ( "crystaVbalV 

model -in-hand" paradigm) ^'fj^-o'C. i/ifi: "iStT" C "walk-through" — 

$&^%;i>¥ffiffi(7)^^ m^j:mmm (fiat-shaded facets) — ^^-n-K-^ 

?t-|©^^# § pi 7 a. CGouraud-sniooth-shaded-meshes)^ 

(moment frame grids) f X-^''^ii^'ii^fl^J:^^c tfz. ^ilib<^U^lt Tt- 

ISOJ IEIffl-c*:&>0^4) LtLJ^u^ t. M I D:/o-t:;^li|-e*;i>nrt^tt^>iSv^o 
*~^y }^(ryf^xmmt%^X\^^>Uh. ^^\^'^]i,-f^T-9^<-7.f'7'0f 
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14 CYRAX C G Prt-??^^?tl7t7="-3^{i. T-crxj 7 T-< LTT;^ 

it^T) ^ T - ^ - V r A ^) T ±fE^ r K f n - /s\>v|fjE ^ 
J: n \r--f^-<%-r:%-ho 

IS-a-^fi, AutoCADi:^.MicroStat1on<75j: ^ ^j: <^^;^7^.|£;j^(;57^_ 
(DfzM^y ^^-^ ~-^\^<.-^ii^^m.'^\.l'^ is-ir^^^y f^-9\t. ^tih^r^T 

^coii&t::, a-^tiCYRAX C G P l:: t TfiS4>ll'(Rr^eil1fflS^ffttii L 

C YRAX^-^-i: LTffl^LTv^^o L3«)^ f^^^J^'f^a^ (i. OS^^ 

Y R A X -e^ v> X- 3^ 9-Mm(DV y ^ -^MMWrnX^ i> „ 

^^^^^ >':?^-7 J^-X/N"^^''-^ A 

17.^-^ (i> MicroStationjg J: t>'AutoCAD-e5iT:i^ tlTV^ s^cT)^^^ (^SStl 



19 v^<o^^c^T7'iJ^-V3><7)^^M-e(i. n^amm^^m (behavioral 
heuristics) ^^^t^tzttxo \^y'''J:^^ hMiS^'ltC "Object Association 

'J -7 ^ L 4^ It ii \fti h ^£ ^ \) y^W. ^iiiM^^ T^)y^t^ 

1-?.o a^«#LTV^S(^(±, h>i$|„°n*-rJK^^:^r-l^v^^« (sy 

mbclic levels) ^iifz^^^tlt. v^^^i; LT«lt=^m^-^^/irt^^ W 
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: Basic Views A/k*i te'> 














left, riotit, frorl 7^. . S . iS") 
















}• too i-. ft 
















3 orttioarsDrtic * .T> 
































|> Basic Renderino v^T't '-'']" 














1 — 


scatter olot /j-fti n'v ■,\- 
















r wirelrame n^-t-- •7U-a 
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^ basic foDuraudl shaciinq/hidden Una 


>/ 












L 


oftono siiaaino iTSft'-rJ-l 
















; laav tracer or radtositv enoine )«•-)' v-u-H- it 
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Geomeirtc Data views ^-T^fi^ ^'^^ cvl 
















f Dimensions Toaole -^^^ \-TH/ 


^; 
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^ Genera! info window {9 of ols. e«sn). „.) 
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p- Selected coint/ofaiect noouo Into (x.v. z. ...^ 
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Proposed Software Features 



Cyrax Software Specification 



I Ig jlfi I la 1 IIA I IIB I IllA I IIIB |FutJOpi 



Target Aeauisition 8 -f^r K H 



mrr^qeij vtciao j'^'^-'Y? 

* ■ I'T' r\'A~ 



% Taroat Selection (ssa Basic Imerlace/Salemiont 
^ Selseiion Parameters 'Vf^/v'^V- 



samates in X and V 



adaptive scgnnmg 



Data Aeoulsitlon 



edoe aligned scans 



iniensitv data 



bofe-sichied vidGo color/te 



Positioning Funetiiinaiitv Ife.-f'; 



j Refleetgr Target h ^ i9 ij 
fti Scanning simulator with error model 




Vi^v^- ^_ pw-c (jLa >(Ln( / 

i/P/i-fs-C^j/ft^tilc/ipJ) <— - 

/ C/4DP5 f (3>c'>-?-r;3/7^-•^■"l-)■ 
C^x ^'l^ It^ 



C y r ar^^ynv-a(7)7'f-;VK7''v^'JVevg> (FDV) OL^-yhJi 



(96) S*2 000-509 150 

(Canputer Graphics Perception C G P ) V 7 h h V y 'J 4 ^ 

-vcoft^^3:^v7c-< yT')V :^y\^rm:-mk-f^(r^\Z'm:^jim^^^'^-f 

ho :ifii^(D^r)V},tYDVii^VyV^ :^-V^ iiSfl (surveyors 

x^ho u^<D^^^%^'r')y^%m^<^mz\tjKm.m(D=^r''}y^^7.^, 

COP (75^t^ (± V ^ ;^ - V * 51 L X -jh^^i MM-i § ^ &3 ^ T )V 

V > ^ffi|^J K^a.;'< >'T->' 3 f'JV (intelligent fadhty documentation 
models) \zn\^^7^U%it^'r}V^l ^MX^m'^^^t^^tt^X^^ho 

tiTt r 3 > X :^ h J«jt#:^)^ ^ S^mj^-T) g iil^&.Iilt^ 7=^;^ Cautomati cal 
ly generated shri nk wrap model s)t, ^^^(D^t>}i:)X ^J: ^"^y"^ 



(97) !S#2 00 0-5 0 9 i 5 0 

ft^o^^T-f T-f -(entities, MM^. * n ^'-^(J^^^ ^; i^,^/i|g#^B^JX > ^ 

^^T^lfi r~ ^ V - X ^'f^ntz (^-e* s o -r^- ^^<- 7.i^(7yr- 9 

. -IgfitJ^T"^^ x'J - (database queries, ~f~^^^-y^^ff^f„^^^ 

Ji 7'^ 7> r A W T'^^f ^ - (7) * - ^ - zy^<D > ^ - 4- t'7i)^'$> ^ 
^ f^ffl 1- -g. 7t tt^'l-f X 'J - ^ ;l: li^m^-^ y "r-'yKmtb^^lfil if^J: h ^ 



(98) 



!S#2 00 0-5 0 9 i 5 0 




FiS- 2 - Mesh/Mesh Mutual Cut 



yacquisition) tDf^^ti&^^i^ i^tfi, HI 1 H^l-r^- ^ ^- ;^ (7):fc1ii;mtt 

^yT-9 ^ ^#^^1^ ^ X %^i>tzt>. 3 o CO ^7 - ^ :y h y^)^ C G P 



X. & o r 7* 7 y j^CPrefab Lab)j (± v > ^' B XZf ^ y ly ^ ^: 7' 

y-fk ? tLfc y -r^n^r S W ^ o i tl '7 <7) X (±^5'1-SI5<7) 

(instantiations) tLX^^hfii>o r«^^/ a -7 '/(Structure Shop) J (i 

r .t y CObj ect Types) J (,c TjI 1" ^ SP rplffl tii!E<^J;^t^. Hoc?? 

7 hKl^M^Sl^tt (interoperability) y^^-^X^i,fz)^. *v^r 



t'^ij'-'M^hXi!)^h. \^^h\.^h<Dy-)V^-j y^m\^^fzm^^W^\-^. -:Rt7t 
rp^CInquiry)^j:0=V^-(f >"r-V3 >J >';^'rA(±, ^J^^r-^^ ^ ^-7; 

^ ? tL T^;v *3 J; y V X r A ^ CO .ft ^iJl t ^: 1= (^M^^ f> ti 

V y 7.(r)m3f<ii i^<Ty^%m'^mU C G P f^^- ^ x ^ (T) :t y ^ ^ h t WM, 
, ^--if-^H{±i(7)-r-^>^r»miJ:Cquery), ljiV)tfit, 'm\'f^^hif'^% 

So 



T - ^ ^ ^ 7> ^AutoCAD-., {±#11^1^ L ^ tL (f ^ P, vM^t^ C A D 

M fci^i- CO n t - 1. > h V ;^ r A ( coherent system^ ^ S v ;^ r A 

vi-;v^i|*t?^<„ ;^fec7)#^{±^-*^- KA:t;^'ii'g<t-t^t\ #<(7)CAD 



h/S^feffi^" t\,^0 ^^l^~'y 3 y) ^m'n!:KtK^^^m^^£-l5it:X^y^K^M^^ 



(101) S*2 000-509 150 

m'\f^^mm-r^^ ^6 4) <7? -c* . 3 ^ ^ IfII^ ? ^ v't. r <7? * 

^■r-^^XV^lyyi^'r-^ (range data) <Dn^^mU-r ^ ^ ti)>X-^ . « 
S#^i3 < ^ - rr ^ (targetting^ i tit/<7)tii5) 

}£r'^ ^ ^ - '7 - jb>K^ y tmi- i t n J: o T F DW<Dm^^rt t > 

y^-^h'^^hn.&y~y(DRGB4;^~9^^~^C G P ^1^^.^^ n^h o ^~^'~(D') 

T ^ t >^)^"e § o If x :t -i' .?f - V (± i tL ^ -laco v- > v ^ y k m jHo' t j- ^ 



V±CO*M >' h ^ 'J y ^ 1-S t . >- h C^UlR] t o 7t ^ y< - 

=j (bore sighted itnage^ 'KlT^hm.TLh^ ^ -'J) ^ F D V l^ffl^^S ? -t^ ? -i^ 
y^T^^ :f'-V'fvti'^\l. =i^~^~t'^^-r^A :^-V(r^'^K%^)V 



(thumbnails) til-S^tHJ: 9 ^~-7.n(r^--D<r:>A -^~'J•k'^~ 

If f-^^ ;>{ - V H ^ii L 7t V y V X ^- -Y y (iT-<T . ^^ 9 'f h mmt^J: *. 

-v\m'^\^tzvyV7.^^y(Dt-<x^H.-^niio Jt*^ [1^95^12^120 

M - X c7) X -j ^ ^ - -7 h <7)^*5 i: 4" ^ o 9 o ± \^n^ LTtM 
X ^ -Y - > 

1::^ ^ ^ - V (tuip-c* t X - A -e^ -5) t h -f) i)^ ^-^7-4 y 

(axis aligned) Lf^**-7 ^-j^^ :i t H J: oT, 



(103) !S#2 0 0 0 - 5 0 9 i 5 0 

(range scan) 9 ^±J^-ri> o 

vyVT.s^^ y (7) ■5' ^/ V y K 5}^ ^yyn. 3 :^.7nT ji/ h ffi-^ i^.t. S ^mtl 

J;oTX^^>*°-< > h:^^"ga$tt-l>o 
Xi). uyi^7.^^y t (ifris J: zfm =t TJEJ^olt tb^tzT^^^y y V 

^K^y-e^&o ^yiy'7.^^'yiittz. 7.^^'t-i}mm'7.^^'yt^y(yy^ 

n^:Lt-fy^X-^^j:^^'Dtzt^hKiiXhKtzyyyV^^if^ti^^r-^i>c 
V y -J 7. ^- -Y y \ti'^m'r- 9^-7. (working database) KUM^^^WK ? 

y y ^ ^~ -7<?5r^Moit 

^tzi6. ^i>^^im&o^i^Lm7!)^hmhfitz7^^y^UyL^^^fzii>K^ it^t 

m^m^^^y^?]^ 



(104) !S*2 0 0 0 - 5 0 9 i 5 0 

F D V 5?) ^ 1^ > V ^ ^ ^ > ^fe fig L T V ^ ffl ng 4^ V ^ o -e t . ;^ ^ ^ > ^ ^ > ^ 
riSf;bK)-7v -7 ^ (Vsual Magic^ vm)J '7 - '7 h JL-^f- l^*/MS 

o ^i'7^yBy r — -e^-^;t J; ^ i::. C G p i;^tt-&ft^<oM^e<j^ffif±. 
V >' ^ > ^ V K;>f ^7 V 

Ml-?> 4>o t <bm^^'?i^##t-^^o >^>'#f3ti7^:t: l=^::^- 

tTf^fjtL;^^ 7>-^{±, SlX^^>(7);S:^Ji^^''V 7 Mb^^ (rectangular 
gridding) t;S-:5v^TH^fh^ *i.T^^o ^^'^ 1J >^ F,?« ^>-^^ (i, l^>v^^-^>' 
^■^f3E@l::M$itL'5:i^^o/c#^"i; -7 :y tlXgiJ^tL-S^o -oco^^ij 7 F 
.7t r/ -> ^ li . X ^ :^ - cof^^Slf m ^co ^'-O h (^tf *3 J; Cf^J h ^mmt ^ o 
M3«ft(7)*M > h{±7< ^7 v^H#fc<bn'&v^o ttz^ J---)f-^>'fgeL3t/N"vp< - 



(105) !S#2 0 0 0 - 5 0 9 i 5 0 

(Gourand shaded) ^'^i67t#^i'5:?l5l-eii-& i t . ifz. mUfzm^^ 

i: J; o TW^4kT ^ i: ^^^'-e ^-^-\t^' 'J -7 K^h Lfz^ v v a. ^ 



CI (^ffi^-fb ? ^7 V --r. r- J: 19 o 

^^i^yy<DVy'yUm. (range depth) ^grjeP^^^W h i: ^rp^-e^mhl" 

y ^ 1- ^ - ifX § ;g> o 

p< -y v^c^S^J 

f;^ v^g^jCMesh Ahgnnent)j ^y-ju (;ttx.if T^iJ-^^^KEfe, \v 

X^imr-W:n^^Z>:Lti)^x^i>o JgSL?tMco^ yz/^\tTy*~:^ y^y 
^KLJiV^o -#icO.?f r/vo-ti, ^^ro(^.?« ^y-^^^^MMTi.HMT- 



(106) S*2 0 0 0 - 5 0 9 i 5 0 

g '7 1 7t }i ^7'^'^^7'9*'J ^^^oTSU^cO. fcfzLMSir^^. U^.t'^S^ 



Tp? 7 V ^ J: ^ ^ 7 V ^-tulf J ^7 - -'H-^ J: o ^ v ji (iSll<7)p? >7 va- "C^J 
T-*i>o ^^c?)pi 7->^{i, -Sllf^ff 9 ^ >7 (ftllTTS^i-^) -C$)oT, 

(i X - ^ - ^ -e. »r ^ '7 y :6^"lffl ? TS ^ 3 > *° - ^> > h =^ ^ 
mi- 2. ^ & 'J V K.^ 7 ^> ^ J: o i V- ^> 3 

ym^. ^m^^fz\^<^ii^<r>^y^-^y ^--^^m-f^^^i^-'y^yifiWi^ 



(107) !S#2 00 0-5 0 9 i 5 0 

t'^;^ ^y-y^^tLtii^')y^-(DmB^tmUK^^t^i^Vy^- (132) lli<7) 




71/- 

^ y y^im^<^ h')J^ {M ^ 



(108) ##2 00 0-5 09 1 5 0 

^7•^■/^ 7-^*' (Prefab Lab, pl)J -7 - JV^ h ti? fibtf ^ ^ tLTV>-g, ^ y- 

:^yy^^ y t':fv h ^4 (likT. 7°^ ^ h *3 J; 7Vd 

4 y'<Dm^ttziiM^-(DJ:.y-T 4 -T ^ t LXUmi-^i^<D^ ^ t ^ y x. ^ V 

X^ho - tl.(±|!t^±. {5 t ^ t~c;?«§ 7°n y A i3 It h t 7" ^ h (T) 

L'iv^^e-T'vi^' h t Lrmmr^o ^m^')^-'^i^nLxmn^ii&t^'y- 



(109) S*2 0 0 0 - 5 0 9 i 5 0 

t^htho m%U^r^'V^y ^/]y-}V^^y mt^^<^^m^ iiXlv 

v-ytf r--?-(^.t7'vV.^' h^Emi-^o i(7?0#;ai:% ^Sti^lfT-coPt^ 

J: '£>o ■r^j:ioii^ mi)'y'u h 9 ^ y' few J: ^ 4Hf fg^Hoc^ 

P7&^'*:t LTv^;l) T'$,;&3&\ i;LVM±^i::$)^:t7'v^^' hco3 If- (io;^- 

- 7^ t&lfi ^r^i>y°a h ^'-f ■ri'izy~yf¥<^t-:ixi, Mititi- & i t tS^t § ^ 



r - -f^t] 7 - . 1 o j.:ji±(7) 1 7' V .^^ httz^i -m^ 7 ^ t 

o i^;V-7°<l:L;^:*7-v^^ h(±M^9*j7"U 5 r-f 7-. 7 -^coffico^jiz- 
^^k Lfc^t 7'v h^^ib^^i-^o:iti}^x^. — 0(7)^7 ;^-7''fhL7^: * 7' 



}v -y'iY.Lfz^ 7^ V ^ ^ h -eSl^l- & :i t ^^-e ^ o \^')\'- fimWA y - )v \t 
yi!>^ht£i> mtm -e ft s o 

^ 7't^--^'^-;^*jc3 tf-^a^o 

■f^^Lhii^'Q^^hi.^^ —Od^^yVBymn^. -f^X(T}T-9^-'A\Lttz 

ij^-h^-^a^uyL^/ts y \- ny y n\i^/^y \7^yy7\ti^ 



^7V-^^>' F»J 

r 7 iJ - /^ > F^^fijJ y~)\^^ \t o T.^tlSfit) II .^y^ ^ ^wmi- Z>r_ti)^ 

\y 'J FElfeJ 



(Ill) S*2 0 0 0 - 5 0 9 i 5 0 

7 - ;v K ^1= t^lfi 19 # ^ t ^ fF #1- ^ ^ <7) -e* ^ o 

-t;>^' (scaling, IfiJ^I^S) 'th^hif^%^>^ SKt;t:ai>7M ^- (75J1! 
Lx:^'r-') y^^MB^n- {-m:^'r~ '] y v. -mxijiaiT.^- '] y 



(112) !^#2 0 0 0 - 5 0 9 i 5 0 

\7.^~')y ^^X^X^m CScale to Attach)] - ;v fi , ^ (Atta 
chment) ^if^ ^ H ^If ^f^t^fiOT-e^t fV:^^y-^7s^- 'J ^"l" & ^ ^ § 

T'n h 7>^fifeL, 'ec7)7°n h^'-<7"=^f'~-3'^-:^rtl^l&l*l1-'l>o 7nt^:t 

■^Vy.^ h'&v^LT'ij ^x-f 7'(±T'-^^'^-^;a^t>^J9tii?aTiT3tr-i^^?tL 

7t:/n h ^J'-^ 7"(7)g,#^jT-^|^$tL&o ^fio:/n :/{±, f^t x.T^r 7^ 
r :/ n h ^ ^' ^ 7' 7 ^ / - 7 <7) A#f^Kk J 

~P Fl*](7)4-7^vj^^ btc##?tiTv^:i,7°n h ^-f 7 ^^^"T^c^ 

^/^°-7=Srt7^■v.^^' YK\ 
\7^-y^^y''J YK\ 7-;K±. ^^-y^^yv 7°n 

7^S$^L. ■fO/s°-7=^^-¥-5!)^'®^1--&H$,7t I^D7'n h^^^T-^S^f, 



r# 51^1 'fbmt^ (polymorphi sm) j {j^ $,;s,M(7)5t^^'iI^St1-;2.-ofi0^7-.V^ 
v:x(7)-^# (union) ^t&^tlzXi). Bm^^^ ^ y ^l^mi-^ ^ ti^^X-^ 



(114) !S#2 0 0 0 - 5 0 9 i 5 0 
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D. Overview of Competitors' Technologies 

Despite the diffcrcncss bcwreen the 3 target market 
segments, the underlying technologies arc broadly shared. 
There are two basic categories of 3D acquisition 
tecfanolcgy —coniocx (such as probe or tape, ecc.) and non- 
comaa (such as a laser and photogrammetiy). Concact 
systems involve bringing a movable meosuring device 
(typically a needle^pointed wand or a miiiored lefleciDr on a 
soke) to the point to be dimensioned. Non-contact 
systems, on the other hand, remoielv msasme (often wldi 
U|iu leflcctiDo) the spatial locations cf points on an object 
physically separated from ifaeni. 
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Each technology has advantages and disadvantages. Pnbes 
tend to he more accurate, but are typically slow and 
cumfaeiscme (ance they gadier data poim by point). Non- 
contact methods tend to be faster (as diey eliimnate the need 
for traveling to or coming into contact with each poim to be 
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